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IlexTnn (Ouopa3naraeMspiii BOIOPACTBOPUMBIN MOJHMEP) MOJTYyYaad U3 OTXOJI0B MPOM3-
BOJICTBA COKA Mapakyiin (maccu)iopsl) ¥ UCMOJIb30BAJH B KaYyeCTBe HOCHUTEJIsI JJIsi HMMO-
OMmIM3anu| MpoTea3bl NMANANHA NPHU NMOJYYEHHH IJIEHOK, MPUTOIHBIX IS JIEYeHHST KOXK-
HbIX paH. McciaenoBaHo B/MsiHMEe NEeKTHH-NANAHHOBBIX B3aMMOJEHCTBUI Ha CTa0W/Ib-
HOCTHh (epMeHTa U MeXaHHMYeCKHe CBOHCTBA MEKTHHOBBIX IUVIEHOK B NMPHUCYTCTBHU H B
OTCYTCTBHE MIACTH(GHUKATOPOB, TAKUX, KAK IJIUUepPHUH M nouBuHUI0BBI cnupt (IIBC).
Iloxa3ano, uro no6asku riaunepuna u [IBC yayuimanim mMexaHnueckne CBOMCTBA MEKTHHO-
BbIX ILIEHOK: IVIMLEPHH YBeJIHYMBAJ 3J1ACTHYHOCTb, a [IBA — npoyHOCTh K pacTsKeHHUIO.
IIpumenenne nmiaacTu(PUKATOPOB TaK:Ke CHOCOOCTBOBATIO COXPAHEHHI0) AKTHBHOCTH M CTa-
OnbHOCTH nNanauHa. boJiee Toro, ucciieJoBaHUs MO JeYeHUIO KOKHBIX PaH, MpoBeJeH-
Hble HA 100POBOJILHBIX MAllMEHTaX, ¢ NPUMEHeHHeM MaNauH-NeKTUHOBBIX IUIEHOK, MPO-
JIeMOHCTPHPOBAJIM YCKOPEHHE 3a:KMBJIEHUsI PaH 0e3 KaKHUX-IU00 HeraTHBHBIX MOOOYHBIX

3¢ ¢eKTOB HE3ABUCHUMO OT THIA U IJIYOUHBI PaHbI.

INTRODUCTION

Much effort has been focused in recent years to de-
velop environmentally compatible bioplastic products from
natural renewable materials as an alternative to synthetic
polymers. As added advantages, renewable polymers are
comparatively less expensive, environmentally friendly,
nontoxic and naturally biodegradable. In these regard,
materials such as renewable crops, agricultural waste
and/or byproducts of food industry are a good source of
low cost natural polymeric materials [1].

Passion fruit-maracuya (Passiflora edulis) processing
produces large quantities of waste such as the shells and
seeds, which create a disposal problem. Studies on con-
version of passion fruit wastes to improve their use have
been carried out in a number of different ways such as,
candy manufacture, animal foodstuff, pectin liquid-extract
and dietetic fiber [2-4].

Pectin, a biodegradable polysaccharide found in plant
cell walls [4] is the one of the major structural biopoly-
mer of higher plant cells. It is part of the family of
heterogeneous branched polysaccharides consisting mostly

of methylated galacturonan segments separated by rham-
nose residues [2]. Pectin is used in a number of foods as
gelling agent, thickener, texturizer, emulsifier and stabilizer,
as well as a fat or sugar replacement in low-calorie
foods [5, 6]. Previously, we reported that residues of
passion fruit is useful for obtaining pectin, which has po-
tential in the development of films for treatment of skin
wounds, based on entrapped enzymes [3].

Films made from natural products are of increasing
scientific and commercial interest. They are not only bio-
degradable but may be recyclable as well as acceptable
for pharmaceutics applications [3]. Citric pectin films
were first made and characterized [1, 7]. Previous work
has shown that elasticized films made from high methoxy
lime pectin and high amylase starch have very good
mechanical properties. The use of glycerin or other suit-
able elasticizes (as polyvinyl alcohol, PVA) is necessary
to make sufficiently flexible and no brittle films [1, 7].
The PVA is well suited for blending with natural poly-
meric materials since it is highly polar, can be manipulat-
ed in water solutions and is also nontoxic [1, 8].
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Film-entrapped protease could be a promising drug for
wound therapy [3, 9]. Furthermore, the interest in immo-
bilized enzymes and their application to bioprocessing,
analytical systems and enzyme therapy has steadily
grown in the past decade [10, 11]. Gel entrapment meth-
od is attractive because is very simple, can be carried
out under soft conditions (physiological, pH and tempera-
ture) and also can vary polymer matrix composition and
structure [13]. Moreover, the enzyme interaction with
polymeric system in presence and absence of plasticizers
may change not only operative enzyme characteristics,
but also their material properties. In present study, the
attention was focused on papain as a hydrolytic enzyme
entrapped on pectin films elaborated from maracuya
waste, with and without glycerin and PVA.

In this communication we report on: 1) preparation of
pectin and pectin-papain films mixed with plasticizers as
glycerin and PVA and their mechanical properties, 2)
estimation of the effect of pectin-papain interactions on
enzyme stability and activity in the biopolymer systems
with or without plasticizers, 3) evaluation of pectin-papain
films on the treatment of human skin lesions.

MATERIALS AND METHODS

Pectin was extracted from the shells of passion fruit
(Pasiflora edulis) acquired from the juice factory in
Puebla, Mexico by using the method reported previously
[3]. The reagents: papain, casein, cysteine were purchased
from Sigma-Aldrich (USA). Glycerin, PVA of molecular
weight 128000-140000, phosphate salts were purchased
from Jalmek (Mexico). All regents were of analytical
grade.

Film Preparation and Papain immobilization

Films were prepared by mixing of 1% pectin solution
with and without glycerin and PVA, as well as papain.
The pectin was dissolved completely by adding it slowly
to 20 mL of distilled water o plasticizer solution, using an
agitation of 150 rpm for 1-2 h. The plasticizer (glycerin
or PVA) was dissolved prior to pectin addition. The
PVA solution was prepared by means of agitation (150
rpm) and by heating at 90°C. The final plasticizer con-
centrations were 0.25, 0.5 and 0.75% (W/w).

Papain immobilization by the entrapment method was
performed in the presence or absence of 0.25 % of PVA
(W) or 0.75% of glycerin (V/v). To immobilize, 20 mg
of papain was dissolved on 20 ml of pectin solution with
and without plasticizers. The final enzyme concentration
was 1 mg/ml. The mixtures were distributed on a sur-

face of a plastic plate. Twenty ml of solution completely
covered the surface of plastic plate. The content was
air-dried for 24 h at room temperature. The film was
easily peeled from plastic plate. Reproducibility was at-
tained by using fixed volumes for a uniform distributing
environment,

Mechanical testing

Test samples were cut with razor blade to 10x70 mm
dimensions. Sample thickness was measured on a mi-
crometer of Instron Universal Testing System (USA).
For each of the prepared films, the “% strain at break”
related with the material elongation, “load at maximum
load” (Kg) as resistance to tensile strength were mea-
sured in an Instron Universal Testing System (USA) ac-
cording method 31, ASTM D 882. The crosshead speed
was 50 mm/min. Data were collected at a rate of 10
points/s, at least five samples for each film were tested,
and data were averaged.

Activity and stability measurements

The hydrolytic activity of free and immobilized papain
were determined using spectrophotometrical technique for
the caseinolytic measurements [9]. The reaction mixture
consisted of 2 ml of 0.01 M phosphate buffer (PBS) at
pH 7.0 and 1.0 ml of free enzyme solution or 4 mg of
the immobilized enzyme suspended in 1 ml of 0.05 M
PBS. The reaction was started by addition of 1.0 ml of
2.0% (W/w) casein solution. The reaction mixtures were
stirred vigorously at 37°C for 30 min followed by addi-
tion of trichloroacetic acid to a final concentration of
3.0%. The absorbance of the centrifuged solution was
measured at 280 nm. In all experiments, pectin without
papain was used as control.

The activity was measured immediately after film
preparations and after 30 and 180 days of their storage
at 4°C.

Skin Lesion Treatment with Pectin-Papain films

Pectin-papain films were applied for the treatment of
foot skin lesions of 22 neuropathic and angiopathic ulcers
and one second degree burn. The 23 voluntary patients
(17 diabetic patients and 6 old patients) were chosen ran-
domly. They represented different profiles in age, gender,
type-, deepness- of injury, and the time of lesion appear-
ance with and without previous treatment. All of them
were submitted to the same pectin/papain treatment for
two times a week. However, the duration of treatment
was variable depending on its clinical evaluation, related
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to initial characteristics of lesion. All patients were sub-
mitted to antimicrobial treatment with antibiotics adminis-
tered orally or intramuscularly. Moreover, all patients
were submitted to a specific therapy of their chronic ill-
ness, i.e. hypoglycemic pellets, insulin injections,
hemorheologic treatments, hypotensors, etc. The clinical
evolution of wound healing was monitored by visual ob-
servation of healing processes to define the effect of
applied treatment on different type of lesions and on re-
pair process visualized by lesion characteristics. The pho-
tographs were taken to monitor and archive the evidence
on the efficiency of the treatment.

RESULTS AND DISCUSSION

The enzyme application for wound treatment requires
alternative immobilization techniques. Films made from
natural polymers may be acceptable for pharmaceutical
applications [3]. The film obtained from pectin can easily
be applied to a skin wound and can be removed by
washing (due to pectin solubility in water) without alter-
ation of tissue that sometimes take place in the case of
solid materials, for example gauze. However, the mechan-
ical properties of pectin films may be one of the prob-
lems for their commercial application.

In the present study pectin-papain films were prepared
according to the previously described method [3]. The
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Fig. 1. Thickness of different pectin films: pectin — films prepared with
pectin alone; pectin/papain — pectin films containing papain; pectin/
papain/0.75%G — pectin films with papain prepared with 0.75%
glycerin (v/v); pectin/papain/0.25%PVA — pectin films with papain
prepared with 0.25% PVA (w/v); 0.25%G — pectin films prepared with
0.25% glycerin (v/v); 0.50%G — pectin films prepared with 0.50%
glycerin (v/v); 0.75%G — pectin films prepared with 0.75% glycerin
(v/v); 0.25%PVA — pectin films prepared with 0.25% PVA (w/v);
0.50%PVA — pectin films prepared with 0.50% PVA (w/v); 0.75%
PVA —pectin films prepared with 0.75% PVA (w/v)

films elaborated using 1% pectin solution with and with-
out glycerin were transparent, while the films containing
papain and PVA were opaque.

The mechanical tests demonstrated that the presence
of papain influenced the mechanical properties of the
films. There was no significant change in the thickness
of pectin film with and without papain. In both cases, it
was approximately of 0.04 mm. However, the measured
values obtained on pectin/papain film were more variable
in comparison with films with papain alone (Fig. 1). It
indicated that the papain addition led to the change on
homogeneity of the obtained films and there was greater
variability in the mechanical properties.

The results observed in the Fig. 2 demonstrated
that the pectin/papain films showed a decrease in the
mechanical properties. Pectin films recorded a resis-
tance of approximately 0.45 Kg, while the papain ad-
dition decreased it to 0.27 Kg. It meant that the pec-
tin/papain films were more fragile than pectin films,
and also was difficult to manipulate. Nevertheless, the
elongation of films to break expressed in “% strain at
break” (Fig. 3) was not affected by the papain addi-
tion. The per cent strain at break of the pectin and
pectin/papain films were 9.03 and 8.32%, respectively,
and the difference was not statistically significant. The
results showed that the papain interaction with the
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Fig. 2. Tensile strength measured for different pectin films: pectin —
films prepared with pectin alone; pectin/papain — pectin films
containing papain; pectin/papain/0.75%G — pectin films with papain
prepared with 0.75% glycerin (v/v); pectin/papain/0.25%PVA —pectin
films with papain prepared with 0.25% PVA (w/v); 0.25%G — pectin
films prepared with 0.25% glycerin (v/v); 0.50%G — pectin films
prepared with 0.50% glycerin (v/v); 0.75%G — pectin films prepared
with 0.75% glycerin (v/v); 0.25%PVA — pectin films prepared with
0.25% PV A (w/v); 0.50%PVA —pectin films prepared with 0.50% PVA
(W/v); 0.75%PV A —pectin films prepared with 0.75% PV A (w/v)
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Fig. 3. Per cent of strain at break measured for different pectin films:
pectin — films prepared with pectin alone; pectin/papain -pectin films
containing papain; pectin/papain/0.75%G - pectin films with papain
prepared with 0.75% glycerin (v/v); pectin/papain/0.25%PVA - pectin
films with papain prepared with 0.25% PVA (w/v); 0.25%G- pectin
films prepared with 0.25% glycerin (v/v); 0.50%G- pectin films
prepared with 0.50% glycerin (v/v); 0.75%G- pectin films prepared
with 0.75% glycerin (v/v); 0.25%PVA- pectin films prepared with
0.25% PVA (w/v); 0.50%PVA- pectin films prepared with 0.50% PVA
(W/v); 0.75%PV A- pectin films prepared with 0.75% PV A (w/v)

pectin matrix led to the change on tensile strength of
films but not their elongation.

Due to the fact that the presence of papain diminished
the mechanical properties of the films, some tests were
realized using glycerin and PVA as plasticizers [6, 14].

Initially, the effect of different concentrations of plas-
ticizers on mechanical properties of maracuya pectin
films was defined in order to demonstrate that these
compounds may improve the properties of obtained films.

The addition of more than 0.25% glycerin increased
the film thickness from 0.04 mm to 0.06 mm (Fig. 1).
Moreover, more flexible pectin films were obtained. In-
creasing the glycerin from 0.25 to 0.75% considerably
increased the % of elongation at break, from 9 or
10% of elongation in pectin films and pectin/0.25% glyc-
erin increased it up to 38—47%. A difference in % elon-
gation at break of pectin/0.5% glycerin and pectin/0.075%
glycerin was observed (Fig. 3) but was not significant
statistically.

Nevertheless, the tensile strange of pectin films was
decreased by the glycerin addition. In the presence of all
glycerin concentrations the resistance of pectin/glycerin

films was about 0. 2 Kg, which was at 2 fold lower than
pectin films alone (Fig. 2).

Due to the increase of the % elongation at break fa-
vored the film storage and its application in the wounds,
0.75% glycerin was selected for the preparation of films
with papain.

The response of pectin/papain films to the presence of
glycerin was similar to results observed with glycerin and
pectin alone. The thickness and flexibility of films was
increased (Figs 1 and 3), whereas the tensile strength
was decreased in comparison with pectin and pectin/pa-
pain films. This showed that while the presence of glyc-
erin improved one of the mechanical properties, wors-
ened the other. The glycerin increased the flexibility by
two probable modes of action [14]. It probably dissociat-
ed stiff networks of pectin held together by polymer-
polymer interactions, which aided the movement of disso-
ciated pectin chains by lubricating the passage between
chains under stress and that could be the reason for the
decrease in tensile strength. The papain interactions with
pectin matrix influenced mechanism of action of glycerin,
since the flexibility in the presence of enzyme is lower
than in its absence.

When PVA was applied as plasticizer, the thickness
(Fig. 1) and tensile strength of pectin films (Fig. 2) in-
creased without considerable effect on elongation at
break (Fig. 3). The tensile strength for films obtained by
using of 0.25% and 0.50% PVA were similar (Fig. 2), but
decreased for higher PVA concentrations. A similar re-
sponse was observed for % elongation at break with
application of different concentrations of PVA.

The addition of 0.25% PVA on papain/pectin blend
increased the tensile strength and thickness of obtained
films without an effect on elongation. The tensile resis-
tance of pectin/papain/0.25% PVA films was increased
by 2.26 and 3.78 fold in comparison with pectin and
pectin/papain films, respectively. It was slightly higher
than the PVA/pectin samples. The PVA chains were
more mobile than the unplasticized pectin chains, and al-
lowed easy molecular rearrangement [6]. The papain in-
teraction with pectin matrix improved the PVA effect.

Besides the mechanical properties of the pectin/papain
films formed with and without plasticizers, for enzyme
application to the treatment of skin wounds, the enzyme
activity and storage stability is also important. Table 1
showed that free papain is very unstable and totally lost
its activity after 7 days of storage at 4°C. The storage
stability under the same conditions in presence and ab-
sence of plasticizers were higher and variable
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Table 1

Activity and storage stability of different papain preparations

Preparation Storage time, days | Activity Relative activity, %
Papain solution Abs/min
0 0.022+/-0.004 100
3 0.0022+/-0.001 9.9
7 0.000+/~0.000 0.0
Papain/pectin films Abs/ (min x g of film)
0 6.409+/-0.628 100
30 6.345+/-0.32 99
180 6.28+/-1.696 98
Papain/pectin/0.75% Abs/ (min x g of film)
glycerin films 0 3.974+/-0.168 100
30 3.925+/-0.175 98
180 3.568+/-1.013 &9
Papain/pectin/0.25% PVA Abs/ (min x g of film)
films 0 6.585+/-0.657 100
30 1.904+/-0.13 29
180 1.097+/-0.411 16

(Table 1) for different preparations. The enzyme immobi-
lized in the pectin film preserved its activity up to 98%
after 30 and 180 days of storage. Papain immobilized in
pectin/glycerin films lost 38% of activity after its immobi-
lization in comparison with the enzyme on pectin films.
However, it was stable during its storage at 4°C and
maintaining an activity of 98 and 89% after 30 and 180
days of storage, respectively. In contrast, papain in PVA/
pectin films did not loss the activity after immobilization
in comparison with papain/pectin samples but it was

more unstable during its storage at 4°C. After 30 days of
storage, the enzyme activity was only 29% and after 180
days it lost 84% of its activity.

It can be assumed that the improvement of me-
chanical properties by plasticizers application conduced
to the change on papain activity and stability. The
PVA application increased the tensile resistance of
films but led to the lower stability. The glycerin im-
proved the film flexibility at the cost of enzyme activ-
ity. The interactions with the added compounds are
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Table 2

Characteristics of skin lesion until and after 1 week of treatment with papain/pectin films applied on different
types of wounds

Wound Edema Erythema Fibrin Phlebitis / Necrosis Granulation tissue
characteristic Infection forming

Initial ++ ++ + ++ - —

After 1 week of - - - - - -+

treatment

“+” — the presence of property in qualitative increasing scale,

%

“- — its absence.

Fig. 4. The effect of pectin/papain films on the treatment of neuropathic lesion of human skin:
left — after first film application; right — after 1 week of 2 applications

responsible to the observed effect, which must be tak-
en in to account for the preparation and application of
immobilized enzyme samples. Based on the results so
far, the next assays were carried out with the papain/
pectin preparations.

Previous tests on laboratory animals [3], demonstrat-
ed that the pectin/papain film application decreased the
time needed for repair of surgical wound by approxi-
mately 2-fold in comparison with wounds treated with
pectin film alone without enzyme and control (untreat-
ed). In the present study the enzymatic treatment was
performed on voluntary patients.

The films easily adhered to lesions and were elimi-
nated with water washing. The first observation was
that the pectin/papain treatment did not show any neg-
ative secondary effects, such as allergic and inflamma-
tory symptoms, microbiological contamination, €fC on any
patients.

Table 2 shows significant positive changes characterized
wound repair process after 1 week of treatment applica-
tion, independent of type of wound and patient profile (Fig.
4). Moreover, the healing time was reduced significantly
from 6-8 weeks without treatment to 1-3 weeks for all
studied cases. Thus, it was demonstrated that independent
of the type and profundity of skin wound the treatment
with papain/pectin films led to an accelerated repair of skin
wounds without any negative secondary effects.

The results of the present study demonstrated that
pectin of passion fruit can be used for the development
of new biopolymer materials, which can be used for im-
mobilization of enzymes for treatment of human skin
wounds. The mechanical properties of pectin film material
were improved by addition of plasticizers such as glycerin
and PVA. However, the activity and stability of the im-
mobilized enzymes were modified due to the interaction
of pectin matrix with added plasticizers.
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EVALUATION OF THE EFFECT OF PECTIN-PAPAIN INTERACTIONS
ON THE ENZYME STABILITY AND MECHANICAL PROPERTIES OF
MARACUYA'’S PECTIN FILMS FOR THE TREATMENT OF SKIN

WOUNDS

E.P. Segura-Ceniceros, A.D. Ilyina, J.I. Montalvo-Arredondo, A. Zaragoza-Contreras,

S.G. Flores-Gallardo, C.I. Vargas-Dominguez

(Universidad Autynoma de Coahuila, Facultad de Ciencias Quimicas, Blvd. V. Carranza e Ing.
J. Céardenas V., C. P. 25280, Saltillo, Coahuila. México, Fax: 52-844-415 9534. E-mail:
psegura@mail. uadec.mx,; anna_ilina@hotmail.com. Centro de Investigaciyn en Materiales
Avanzados S.C., Miguel de Cervantes No. 120, Complejo Industrial Chihuahua, México C.P.
31109 and Clinica Magisterio Secc. 38, Blvd. Valdez Sanchez 1006, Arteaga, Coahuila)

Pectin is a biodegradable and water-soluble polymer. In this work, the pectin was
obtained from residues of the maracuya (passion fruit) juice industry. It was used as
support for protease (papain) immobilization to obtain the films suitable for treatment
of skin wounds. In the present study the effects of pectin-papain interactions on
enzyme stability and mechanical properties in the presence and absence of plasticizers
such as glycerin and polyvinyl alcohol (PVA) were evaluated. It was demonstrated that
the addition of glycerin and polyvinyl alcohol improved the mechanical properties of the
films, glycerin increased the flexibility and the PVA increased the tensile strength of
pectin films. Further, the plasticizers application conduced to the change on papain
activity and stability. Moreover, in assays performed on the voluntary patients with the
treatment of skin wounds with papain/pectin films it was demonstrated that there was
acclerated healing of the wound with out any negative secondary effects, independent of

the type and profundity of the wound.



